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Abstract : Occupational exposures to petrol/diesel vapors have been shown
to affect  functioning of different systems of the body. The present study
was  p lanned to  assess  the  pulmonary  funct ions  in  pe t ro l  pump workers
(f i l l ing at tendants)  who are  cont inuously exposed to petrol /diesel  vapors
dur ing  du ty  hours .  Th i r ty  hea l thy  non-smoker  males  work ing  in  pe t ro l
pump for more than one year formed the study group, while thirty healthy
non-smoker  ma les  f rom hosp i t a l  s t a f f  se rved  as  con t ro l  g roup .  The
pulmonary  func t ions  were  assessed  us ing  computer ized  sp i rometer .  The
FVC and FEV1 were decreased in the study group while their ratio did not
d i f fe r  much .  Bo th  the  insp i ra to ry  and  exp i ra to ry  f low ra tes  were  a l so
decreased in the study group. These findings point towards adverse effects
of petrol/diesel fumes mainly on lower airways with restrictive pattern of
disease .
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INTRODUCTION

Numerous  epidemiologica l  s tudies  have
documented  decrements  in  pu lmonary
funct ion and various other  heal th problems
assoc ia ted  wi th  long- te rm a i r  po l lu t ion
exposure (1–4). Health problems posed by the
pol lu tan t s  a t  the  work  envi ronment  o f  an
individual  are  c losely  l inked to  the  nature
and  leve l  o f  exposure  to  these  hazardous
chemica l s .  I t  has  been  known for  qu i te
somet ime tha t  a i r  po l lu t ion  f rom d iese l
exhaus t  i s  a  major  resp i ra to ry  hazard  fo r
workers exposed to it in enclosed space (5).

Diesel exhaust, in addition to generating
pol lu tan t s  l ike  hydrocarbons ,  ox ides  o f
ni t rogen and carbon is  a  major  contr ibutor
to par t iculate  matter  in  most  places  of  the
wor ld .  Symptoms l ike  chronic  cough ,
wheez ing  and  brea th lessness  have  been
reported on exposure to these pollutants (2,
4 ) .  At  h igh  ambien t  concen t ra t ions ,  wel l -
def ined  and  marked  sys temic  pu lmonary
inflammatory response is also observed (6).
Var ious  occupa t iona l  exposures  to  pe t ro l /
d iese l  products  have  been shown to  af fec t
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d i f fe ren t  sys tems  of  body  (7–10) .  Severa l
an imal  s tud ies  have  a l so  demons t ra ted  a
cons i s ten t  assoc ia t ion  be tween  the  a i r
pollutants and the altered lung function (11–
13). Petrol pump workers (filling attendants)
are continuously exposed to the organic and
inorganic  substances  present  in  the  pet ro l .
The  average  da i ly  exposure  to  these
chemicals  in  India general ly exceeds about
10 h/day. Some of them are working for more
than ten years now. Hence, the present study
a ims  to  eva lua te  the  resp i ra to ry  func t ions
in subjects  cont inuously exposed to petrol /
diesel  vapor for  more than one year .

MATERIAL AND METHODS

The  s tudy  was  ca r r ied  ou t  in  the
envi ronmenta l  phys io logy  labora tory  of
depar tment .  The  s tudy  group  (group  I )
consisted of thirty healthy non-smoker males
in the age group of 20–40 years working in
petrol  pump for  more than one year .  They
were selected from the petrol pumps located
in the vicini ty of  the inst i tut ion which are
located in the lower pollution zones (3) and
were brought to the laboratory for the test .
While thirty age matched healthy male non-
smokers ,  working as  Laboratory  a t tendants
in our hospital served as controls (group II).
None of the subjects had a history of asthma,
respi ra tory  or  o ther  i l lness  or  were  taking
any  medica t ion .  The  e th ica l  commit tee
clearance was taken and an informed written
consen t  was  taken  a f te r  exp la in ing  the
procedure to  the  subjects .

The  pu lmonary  func t ion  tes t s  were
car r ied  ou t  us ing  computer ized  sp i rometer
(Spiro 232 of P. K. Morgan, London) using
the  s tandard  labora tory  methods .  The
spirometer was calibrated regularly and the

va lues  were  cor rec ted  to  DTPS.  The
questionnaire was filled up and relevant data
(name, age, sex, height,  weight,  occupation,
and smoker /nonsmoker)  was  entered in  the
computer. The test module was activated and
the  sub jec t  was  g iven  proper  ins t ruc t ions
about the procedure to be performed. All the
pulmonary funct ion tests  were done on the
subjec t s  comfor tab ly  sea ted  in  an  upr igh t
posi t ion.  The subject  was connected to the
mouthpiece  and  was  asked  to  b rea th  in
and  ou t  to  fami l ia r ize  h imse l f  wi th  the
equipment.  During the test  the subject  was
adequa te ly  encouraged  to  per form the i r
op t imum leve l  and  a l so  a  nose  c l ip  was
appl ied  dur ing  the  en t i re  maneuver .  Tes t s
were  repea ted  th ree  t imes  and  the  bes t
match ing  resu l t s  were  cons idered  for
ana lys i s .  The  pred ic ted  va lues  fo r  above
parameters  were  ca lcu la ted  f rom s tandard
equation derived for Indian subjects (14, 15).

The flow volume curve was recorded and
the  parameters  measured  by  the  appara tus
were the peak expiratory flow rate (PEFR),
forced expi ra tory  f low in  25–75% of  v i ta l
capaci ty (FEF25–75),  peak inspiratory f low
rate  (PIFR)  and forced inspi ra tory  f low a t
50% of vi tal  capacity (FIF50),  forced vi tal
capacity (FVC) and forced expiratory volume
at one second (FEV1), forced inspiratory vital
capacity (FIVC), inspiratory capacity (1C) and
expiratory reserve volume (ERV).

Stat i s t i ca l  ana lys i s

The  da ta  o f  pu lmonary  func t ion  tes t s
were  p resen ted  as  the  Mean ± Standard
Devia t ion  for  each  of  the  parameter .  The
two groups were compared by using unpaired
‘ t ’  tes t  and p  value of  less  than 0 .05 was
considered signif icant .



246 Singhal  et   al Indian J Physiol  Pharmacol 2007; 51(3)

RESULTS

The anthropometr ic  parameters  of  s tudy
group were  age  26 .40 ± 8.15  years ,  weight
60 .93 ± 10.13  kg ,  he ight  168 .07 ± 8.72  cms
while that of controls were age 24.13 ± 4.74
years ,  we igh t  62 .67 ± 8 .52  kg ,  he igh t
172.67 ± 6.26 cms.  The two groups did not
differ significantly on these parameters. The
observed  va lues  o f  var ious  lung  func t ions
were compared between the two groups.

Table I shows the values of flow rates in
the  two groups .  The  peak  expi ra to ry  f low
rate (PEFR),  forced expiratory f low in 25–
75% of  v i ta l  capac i ty  (FEF25–75) ,  peak
insp i ra to ry  f low ra te  (PIFR)  and  forced
insp i ra to ry  f low a t  50% of  v i ta l  capac i ty
(FIF50)  were  found  to  be  s ign i f ican t ly
decreased (P<0.05) in petrol  pump workers
as compared to controls .

(FIVC) and inspiratory capacity (1C) were not
significantly different in the two groups.

The ambient air quality data as reported
by central pollution control Board (21) in the
vicinity of petrol pump showed the levels of
suspended  par t i cu la te  mat te r  (SPM) leve l s
301 ± 71 µg/m3 (upper limit 200),  respirable
suspended part iculate matter  (RSPM) levels
135 ± 46 µg/m3 (upper limit 100), both being
above  the  permiss ib le  upper  l imi t s .  Whi le
SO 2 9 ± 2 (upper  l imi t  80)  and  NO 2 36 ± 5
(upper limit 80) within the normal standards.

DISCUSSION

In  the  p resen t  s tudy  mos t  o f  the
parameters  were  decreased  s igni f icant ly  in
pe t ro l  pump workers  as  compared  to
cont ro l s .  Al though  FEVl  and  FVC both
decreased in petrol pump workers their ratio
did not differ between the two groups. This
f ind ing  ind ica tes  the  res t r i c t ive  na ture  o f
pulmonary  involvement  in  the  s tudy group
(16). Similar findings were observed in cats
fo l lowing  long- te rm exposure  to  d iese l
exhaus t  (12) .  However  p rev ious  work
involving animal exposures to diesel exhaust
and  pu lmonary  func t ion  tes t s  has  shown

TABLE I : F low ra tes  in  the  two  g roups .

Petrol pump workers Controls

n 3 0 3 0

PEFR (L /min) 5 .41±1 .79* 7 . 2 5 ± 1 . 5 5
FEF 25–75 (L/min) 3 .48±1 .62* 4 . 8 3 ± 1 . 2 7
PIFR (L /min) 2 .17±0 .58* 3 . 5 2 ± 1 . 1 0
FIF 50 (L /min) 1 .86±0 .61* 3 . 2 4 ± 1 . 1 0

*P<0 .05  as  compared  to  con t ro l s .

The values of lung volumes and capacities
a re  shown in  Table  I I .  Both  fo rced  v i ta l
capacity (FVC) and forced expiratory volume
at  f i r s t  second  (FEV1)  were  decreased
significantly while their ratio did not differ
much  be tween  the  two groups .  Expi ra tory
reserve volume (ERV) is also lowered in the
study group. Forced inspiratory vital capacity

T A B L E I I : Lung volumes  and capaci t ies  in  the  two
g r o u p s .

Petrol pump workers Controls

FVC (Li t res ) 3± 0 .75* 3 . 9 6± 0 . 3 4
FEV1 (L i t r e s ) 2 . 6 5± 0 .67* 3 . 5 7± 0 . 4 1
FEV1/FVC (%) 89 .25± 13 .34 90 .31± 9 . 0 2
FIVC (L i t r e s ) 2 . 1 7± 0 . 6 9 2 . 6 8± 0 . 4 6
IC (L i t res ) 2 . 3 9± 0 . 5 6 2 . 7 4± 0 . 4 3
ERV (Li t res ) 0 . 6 1± 0 .51* 1 . 2 4± 0 . 4 2

*P<0 .05  as  compared  to  con t ro l s .
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vary ing  resu l t s  (17–20) .  Whi le  shor t  t e rm
exposure to diesel exhaust in healthy human
volun teers  have  demons t ra ted  marked
sys temic  and  pu lmonary  in f lammatory
response but lung function measurements did
not  show a  s ign i f ican t  change  (6) .  These
volun teers  were  exposed  to  d i lu ted  d iese l
exhaus t  under  con t ro l led  condi t ions  fo r  1
hour  wi th  in te rmi t ten t  exerc i se .  Such  low
exposure  cou ld  be  one  of  the  reasons  fo r
normal  lung  func t ion  parameters  in  the i r
s tudy .  S ince  our  sub jec t s  a re  exposed  to
these  exhaus t s  fo r  longer  per iod  of  t ime
(more than a year,  for at least 10 hrs/day),
they  have  more  chances  o f  chron ic
inf lammatory  involvement  o f  lungs  as
ind ica ted  by  the  resu l t s  o f  our  s tudy .
Moreover, the ambient air quality monitored
in  the  v ic in i ty  of  pe t ro l  pumps by cent ra l
po l lu t ion  con t ro l  Board  (21)  a l so  showed
increase in the levels of SPM (301 ± 71 µg/
m3 and RSPM (135 ± 46 µg/m3). These values
were  35% to  50% grea te r  as  compared  to
maximal  permiss ib le  l eve l s  (21) .  Another
impor tan t  po l lu tan t  which  may have
contributed to our findings is lead. Inhalation
of  lead from leaded petrol  emissions is  an
impor tan t  source  of  l ead  exposure .  Few
studies have related lead to structural damage
or impaired functions of the lungs (22, 23).

In  the  p resen t  s tudy  exp i ra to ry  and
insp i ra to ry  f low ra tes  i . e .  PEFR,  PIFR,

FEF25–75 and FIF50 are also decreased in
the  s tudy group.  PEFR was a lso  decreased
in  the  exper imenta l  s tudy  of  ca t s  which
otherwise  showed a  c lass ic  pa t te rn  o f
res t r i c t ive  lung  d i sease  (12) .  S ince  pe t ro l
pumps  a re  loca ted  on  busy  roads ,  hence ,
these workers in addit ion to diesel  exhaust
are exposed to other air pollutants. The flow
ra tes  a t  low volumes  i . e .  FEF25–75  and
FIF50 indicates flow rates in small  airways
i . e .  those  wi th  in te rna l  d iamete rs  o f  l ess
than 2 mm. These are reduced at  low lung
volumes both in  restr ic t ive and obstruct ive
diseases (24).  Thus findings suggest greater
involvement  o f  smal l  a i rways .  Par t i c les
generated from diesel exhaust are extremely
smal l  and  a re  p resen t  in  the  nuc le i  o r
accumulation modes, with diameters of 0.02
nm and 0.2 nm respectively (25). These small
s ized  par t i c les ,  by  v i r tue  o f  the i r  g rea te r
surface area to mass ratio, can carry a much
larger fraction of toxic compounds, such as
hydrocarbons  and  meta l s  on  the i r  sur face
(25).  Importantly,  they can remain airborne
for long periods of time and deposit in greater
numbers  and  deeper  in to  the  lungs  than
la rger  s ized  par t i c le  (26) .  Hence  chron ic
exposure  to  them can  lead  to  chron ic
inf lammat ion  of  resp i ra tory  t rac t  and  lung
parenchyma.  Therefore  fu ture  s tudy  could
be  extended to  eva lua te  s ta tus  of  a lveolo-
cap i l l a ry  membrane ,  by  de te rmin ing  lung
diffusion capacit ies in these workers.
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